Extraction, Solid Phase Extraction, Solid Liquid Extraction and Supercritical Extraction, etc. including the choice of solvent, procedure, respective advantages disadvantages and their applications are explained. Finally, the specific extraction techniques such as Microwave Extraction, Ultrasonic Extraction, Pressurized Fluid Extraction and Soxhlet Extraction along with their applications are also explained.
INTRODUCTION
In Extraction the mixture of substances is dissociated, by dissolving each component with one or other solvents which yields two phases -Raffinate Phase (rich in Feed Solvent) and Extract Phase (rich in Solute) [1] . When the Relative Volatility is 1 the separation of the components in the mixture is not possible by Distillation and when relative Volatility is Greater than 1 Extraction method is used for separation of the components. Also, when the Distillation Method used is too expensive, Extraction process is opted [2] . The basic Block Diagram for Extraction process is given in the Fig1.
Fig1. Block Diagram for Extraction
Classification of Extraction process is based on two different categories namely, Operation and Types of Phases [3] . Advance Extraction Techniques -Microwave assisted Extraction (MAE), Ultra sonication assisted Extraction (UAE), Supercritical Fluid Extraction (SFE), Soxhlet Extraction, Soxtec Extraction, Pressurized Fluid Extraction (PFE) or Accelerated Solvent Extraction (ASE), Shake Flask Extraction and Matrix Solid Phase Dispersion (MSPD) [4] .
TYPES OF EXTRACTION

Liquid-Liquid Extraction
It is also known as Solvent Extraction refers to an operation in which the components of the liquid mixture are separated by contacting it with a suitable insoluble liquid solvent which preferentially dissolves one or more components [13] . In this type of operation, the separation of the components of solution depends upon the unequal distribution of the components between two immiscible liquids. In liquid extraction the feed solution is one phase and the solvent used for extraction is another phase. In solvent extraction both the liquids i.e. the feed and solvent forms a homogenous mixture and are separated by contacting it with one another which separates out one of the two liquids preferentially [15] .
Fig2. Block Diagram for Liq-Liq Extraction
Notation Adopted: a) A is the feed solvent, B is the extracting solvent (A and B are pure and substantially insoluble liquids) and C is the solute that will distribute between two phases. b) F -Feed solution to be separated by extraction which comprises of A and C.
E -Extract or Extract phase.
R -Raffinate or Raffinate Phase [13] [14] .
Overall Material Balance,
Liquid Solution + Solvent = Extract Phase (liq) + Raffinate Phase (liq) F + B =E +R
Example:
Extraction of Methanol from LPG with water [14] .
The contacting of a solution of Acetic acid in water with a solvent such as ethylacetate forms two phase the extract (ester layer / organic layer) phase which contain most of the acetic acid in ethylacetate with some water, while the raffinate phase (aqueous layer) which contains weaker acetic acid solution with a small amount of ethylactetate [13] . The amount of water in extract phase and ethylacetate in raffinate phase depends upon their solubility's into one another [15] .
Selection of Solvent for Extraction
Solvent selection is based on the qualities of solvent such as selectivity, recoverability, distribution coefficient, density,etc.
Selectivity -The ratio of concentration of solute to feed solvent in the extract phase to that in the raffinate phase is called the selectivity, which can also be known as separation factor. It is the measure of effectiveness of the solvent for separating the constituents of a feed [16] [17] [18] [19] ].
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β=1 -Extraction not possible.
This means higher the selectivity; the easier would be the separation.
Recoverability -Solvents are recovered and reused by distillation, but they should not form an zoetrope with the extracted solute. If the relative volatility is high, the cost of recovery is low. Also the latent heat of vaporization should be low [16] [17] [18] [19] .
Distribution coefficient -It is the ratio of concentration of solute in extracts phase and raffinate phase. It is denoted by K [16] [17] [18] [19] .
= Higher values of Distribution Coefficient are generally desirable as then less amount of solvent and less number of extraction stages are required for a given extraction duty. Density -For physical separation of phases the densities of saturated liquid Phase should be larger [16] .Solvent should be cheap, non-toxic and non-flammable [19] .
Solvents for Liquid -Liquid Extraction
Aqueous solvents Water -Immiscible organic solvent Basic Solution Dichloromethane Acidic Solution
Diethyl ether Water Hexane, Petroleum Ether High Salts Chloroform Application of liquid-liquid Extraction are as follows-Liquid-Liquid extraction is widely used in Decaffeination of coffee and tea and separation of essential oils (flavors and fragrances) in Food Industry; most probably used in separation of olefins/paraffin and structural isomers in Petrochemical Industries; most efficiently used in recovery of active materials from fermentation broths and purification of vitamin products in Pharmaceutical Industry; essential in improvement of lube oil quality and in separation of aromatics/aliphatic (BTX) in Petroleum Refinery; in Nuclear Industry Liquid-Liquid Extraction is used for purification of Uranium [20] [21] .
Solid Phase Extraction
Solid Phase Extraction is sample Preparation Method used for isolation, enrichment and purification of components from aqueous solutions depending upon their physical and chemical properties [24] . This involves contacting of aqueous samples with a solid phase or sorbent, where the compound is adsorbed on the surface of the solid phase prior to elution [28] . The Extract amount is negligible compared to quantity of analyse in the sample. Solid Phase Extraction is widely used in Analytical Laboratories.
It also overcomes issues faced in the Liquid-Liquid Extraction Operation, such as phase separation is not satisfactory, less recovery, waste of large amounts of organic solvents. Also, the glassware used is expensive in liquid-liquid extraction [29] .
Sorbent -It is a material used to adsorb or absorb different fluids [25] .
Different Types of Packing's Used on Solid Phase Extraction
The packing's used in Solid Phase Extraction are based on the particle size. The Table 2 .1 shows the different types of packing used based on particle size [28] . 
Types of Phases
Reversed Phase (Fig2.):
In Reversed Phase the mobile phase is polar and stationery phase is non-polar (Hydrophobic). Typically 8 or 18 carbons are added to Silica. Silica C18 is non-polar. The nonpolar molecules binds or adsorbs to it and the polar molecules will pass more quickly through the stationery phase. Reversed phase is easier to use. Also, this phase has a hydrophobic stationery phase which can be applied to a wide range of molecules, it works well in retention time for most of the organic analytes (70-80% of common analytes can be measured by using this technique). It also allows precise control of variables such as organic solvent type, concentration and pH. Reversed phase has more options in Chromatography field [29] . The applications are Extraction of CCl4 from Drinking Water, The washing water used in olive oil processing contains pesticides that are extracted and Pre-concentration of Photo-inhibitors in Beverages.
Normal Phase (Fig3.):
The column is filled with Silica particles. The Silica is polar. The polar molecules binds/ adsorbs to it and the non-polar molecules will pass more quickly through the stationery phase. Normal phase can be used for compounds that are too hydrophobic for separation. Compounds that are not soluble in water or that may decompose in water undergo this phase. One of the main use of normal phase is for separation of isomers [29] .
Fig3. Reversed Phase
The applications are Quantitative Analysis of Chlorinated Pesticides obtained from Fish Extracts, Separation of Molecular Constituents from the main components of organic matter from the soil and Extraction of Fatty acids from Shellfish Extracts. 
Review of Extraction Techniques
Ion Exchange Phase:
Ion Exchange Solid Phase Extraction is used for separation of ionic compounds from either polar solvent or non-polar solvent in the presence of oppositely charged ion exchange solvent. Ion Exchange media comes in both anionic and cationic forms for the extraction of analyses with basic or acidic functional group [37] . Ion Exchange sorbents can be further sub classified as either weak or strong exchangers depending upon the type of ionic group bonded to the surface. Strong cation exchangers include acidic functional group such as derivatives of sulphonic acids. Weak cation exchangers have surface functional group that are negatively charged at high pH but neutral at low pH [29] .The applications include Isolation of constituents of proteins (Amino Acids) from Liquid Samples and Formation of Cationic Selenium Compounds present in Brassica juncealeaf extracts. 
Steps involved in Solid Phase Extraction
The Solid Phase Extraction Operation is divided into five steps as follows:
Step 1: Wetting of Sorbent.
Step 2: Conditioning of sorbent. Step 3: Loading of sample.
Review of Extraction Techniques
Step 4: Interference Elution.
Step 5: Analytic Elution.
Rinse the SPE tube with sorbent and add sufficient amount of sorbent in it. This is followed by conditioning of sorbent in which the solvent or buffer is added. The next step is loading of samples. The sample is forced through the sorbent material by suction (Vacuum or plunger). This process is followed by washing with solvent where the unwanted material are removed by extracting one material from other (Elution). This helps in extraction of desired sample. Lastly the Desired sample is extracted from the sorbent with the help of elute solvent [37] .
Fig6. Steps involved in Solid Phase Extraction
LEACHING (SOLID-LIQUID EXTRACTION)
Solid -Liquid Extraction (Leaching) means the removal of constituents from a mixture of solids by bringing the solid material into contact with a liquid solvent that dissolves this particular constituents [30] . Leaching may either be used for production of concentrated solution of a valuable solid material, or in order to free an insoluble solids from a soluble material with which it is contaminated. An everyday example of leaching is making coffee. In this case the soluble constituents i.e. the ground coffee is separated from insoluble grounds by solution in water [31] .
Mechanism of Leaching
Leaching involves two steps which are as follows:
1) Contacting step
Contacting the solid with the selective solvent -the liquid in order to dissolve the soluble solute in the solvent. The solute is first dissolved from the surface of the solid, then passes into the main body of the solution by diffusion. This process may result in formation of pores in the solid material which exposes new surfaces to subsequent solvent penetration to such surface [32] .
2) Separation step
Separation of insoluble phases, i.e. separation of liquid phase from solid physically by settling, filtration, etc.
Methods of Operation
1) Single Stage Leaching (Crosscurrent)
Consider a theoretical extraction stage.
F -mass of A+C in solids to be leached.
Y Fmass of C per mass of A+C in solids to be leached. 
Supercritical Fluid Extraction
In this type of Extraction a component is extracted from a matrix with the help of solvent. But here the solvent used is Supercritical Fluid. Supercritical Fluid Extraction ( SCF) is usually performed for extraction from solids, but this process is also valid for extraction from liquids. Extraction of this type is used for preparation of samples in analytical laboratories. On larger Scale it is being used for removal of unpalatable material (Decaffeination) form the product stream (oil) [38, 37] .
In this Extraction process the separated compounds or chemicals are combined with the supercritical fluids, which give rise to a mobile phase. At temperature and pressures (approximate to the critical temperature and pressure conditions) the mobile phase is enhanced with the solvating properties [39] .
Supercritical Fluid: Such types of fluids are of high density and non-compressible. The Fig.2.6 , represents the Pressure Versus Temperature profile for fluids. The Pressure and Temperature of Supercritical Fluids is higher than the critical point. Thermal motion of these fluids is high, also the density can be widely varied. Hence, it possible to control the properties that relates to density. In Decaffeination process the frequently used solvent is Carbon dioxide, on the other hand for power generation purpose the supercritical fluid used is water [41, 42] .
Fig7. Pressure versus Temperature profile for Supercritical fluids
Solvents used in Supercritical Extraction
The critical properties of the solvents are mentioned in the Physical and thermal properties of SFFs are in between pure liquid and gas, hence can also be known as "Compressible liquids" or "dense gases" [42] .
Changes in properties for a SCF  Liquids like densities (100-1000 times greater than gases).
 Diffusivities higher than liquids (10-3 and 10-4 cm2/s).
 Good solvating power.
 Reduction in surface tension.
 Low viscosity (10-100 times less than liquids).
 Gas like compressibility properties, therefore they possess high penetrating power.
The advantages of SCF Extraction are that this process can eliminate organic solvents i.e. it can reduce the risks of storage. This process is also suitable for Extraction and purification of solid or liquid compounds having low volatility. It is also susceptible to thermal degradation (low operating conditions). Also SCF Extraction allows complete separation of solvent from extract and raffinate phase. SCF extraction process is versatile and efficient (use of co-solvents and co-solutes) [39] . The Limitations are Prolonged time (penetration of SCF into the interior of a solid is rapid, but solute diffusion from the solid into the SCF); Compression of solvent requires elaborate recycling measures to reduce energy cost; Scale is not possible due to absence of fundamentals; molecular-based model of solutes in SCF; Cleaning will be time consuming; Maintaining pressure in SCF is difficult [39] .
Oleoresins, Spice oil, fragrances and flavored products are the natural products that can be extracted be extracted using SCF extraction technique. Also, it is use in decaffeination of coffee and tea, uniform and ultrafine particle production, dyeing of fabrics, drying of aero gels, etc. SCF extraction process is used for cleaning high precision metal components.
EXTRACTION TECHNIQUES
Ultrasonic assisted Extraction, Microwave assisted Extraction, Mechano-chemical assisted Extraction, Supercritical Fluid Extraction, Heat Reflux Extraction, Pressurized Liquid/ fluid Extraction, Enzyme assisted Extraction, Soxhlet Extraction and many more are the Extraction techniques. Some of them are discussed further [43] .
Microwave Assisted Extraction Method
Principle
Electromagnetic waves consist of two perpendicularly oscillatory fields namely: Electric Field and Magnetic Field, which can also be called as Microwave. These waves are used as energy vectors or information carriers. Electromagnetic waves are absorbed by the material and converted to heat energy. This is a Microwave Energy.
Microwave Energy ranges from 300 MHz to 300 GHz. These waves are non-ionisable radiation [43] .
There are two mechanisms for conversion of electromagnetic energy to calorific energy or heat: Ionic Conduction and Dipole Rotation [44] .
Ionic Conduction: Dispersion of ions under the influence of electric field when electromagnetic field is applied [45] . As there is change in sign of the electric field, the direction of ions changes which results in collisions of molecules with each other and resist the flow of ions. This creates friction and results in heating of solution.
Dipole Rotation: When an electric field is applied to the polar molecules (having dipole moment), they try to line up with the electric field. As the electric field decreases, restoring of thermal molecules takes place that in turn leads to release of thermal energy. This release of energy results in heating of solution 
Process of Microwave Extraction
For Extraction purpose dried plant material is used, so even though it is dried it contains some moisture content. This moisture content gets heated due to microwave incident and the pressure inside increases. The pressure is exerted on the wall of the plant cell and leads to swelling of cell. Further increase in pressure leads to rupture of cell, due to this the components in the cell is leached with the solvent. If plant matrix is saturated with the solvent, the efficiency of heating increases. Focused microwave ovens (only a part of extraction vessel is irradiated) and closed extraction vessels (extraction under controlled conditions), are the two types of instruments used for Microwave Extraction process. Both the system are divided into two types, multi-mode and single-mode.
The following flowchart shows the steps involved in Microwave Extraction process.
Factors affecting Microwave Extraction
1) Solvent:
Proper Selection of solvents results in good extraction yield. Solvents such as Dichloromethane, Methanol, Acetone, Petrol Ether, etc. are used for Microwave Extraction process. The Selectivity of solvents towards the analyte should be high. The Extracting solvent should be compatible with chromatographic steps. The Dielectric properties of solvent and volume of solvent also affect the Process. Hence, optimization of this factor is of primary importance [48] .
2) Extraction time:
As the quantity of analytes increases, the extraction time also increases. This also results in the increase in risk of degradation, after particular extraction time or recovery; further extraction will lead to degradation of essential constituents. For different plant matrix used the extraction time is different [48] .
3) Microwave power:
Adequate amount of Microwave power should be supplied, it should not be much more than needed and much less than required. This depends on the Extraction efficiency based on power and its time of exposure. Optimization is done based on trial and error methods, with its experimental data [48] .
4) Matrix characteristics
Particle size (Extracted material): 100µm-2mm.
Finer the particle, larger the surface area, more effective extraction. So size of the matrix and the amount of initial moisture in the matrix are the factors that affect the process [48] .
5) Temperature and Pressure:
The increase in solvent results in increase in solubility and decrease in surface tension and solvent viscosity. Leaching of phyto-constituents into the matrix, leads to high extraction recovery. As pressure is dependent on temperature, so pressure is also an important factor to be considered [48] .
Application of Microwave Extraction process
Following are the compounds that can be extracted using this process [50] . 
Advantages and Disadvantages of Microwave Extraction process.
The main advantage of Microwave Extraction is that the Extraction time required for this process is less, also the solvent required is less, the Equipment cost is low and recovery of solvent is moderately high for this process [49] .
The main Limitation is that, after the process, remains of solid residue exist in the extractor. So, additional process of centrifugation and filtration is necessary to facilitate removal of solid residue. The non -polar solvents cannot be applicable for processing. Also, the volatile solvents cannot be used for this process as it reduces the efficiency for Microwave extraction process [49] .
Soxhlet Extraction
It is a continuous solid/ liquid extraction. The solid material which is to be extracted is placed in thimble which is made of a material such that it contains solids but allows only liquids to pass through it (It acts as a filter paper).The thimble is then placed in extractor. Organic solvent is then heated in reflux due to which the vapors generated starts boiling and as the vapor rises up they are further condensed by the condenser which further fills up the thimble. This process is repeated until all the materials which is to be extracted from the solids is done [37] . Soxhlet Extractor consist of the following apparatus [54] The solid material which is to be extracted is placed inside a thimble which is made from a thick filter paper which is further passed into the main chamber of the soxhlet extraction. These equipment is further equipped with a condenser. When the vapor is heated in a mantle heater due to which the vapor rises up the chamber which is cooled with the help of condenser equipped to it [54] . The condenser ensures recycle of solvent back in to the chamber. The chamber containing the solid material is slowly recycled with the warm solvent. When the Soxhlet extraction chamber is fully filled it is automatically emptied by a siphon arm. These are repeated many times an hour or a day till the solid is not extracted upto a desired level [54] .
It is most widely used for solid liquid extraction in various fields such as pharmaceuticals, environment and foodstuffs.
It is most common method and used as a reference and standard method in many laboratories for extraction of oil from different materials [37] .
Good solvent recovery capacity, inexpensive system and ease to handle and operate the system are some of the advantages of the system [37, 54] .Though this technique is simple but there are few drawbacks to Soxhlet extraction such as long drying, and the amount of time and solvent required is more (8 hr), and (200ml) respectively, lack of automation. Another error with this method is that the solvent should be heated so that it is boiled and the vapors starts to evaporate, but at the same time the temperature of the heating medium should be as low as possible to minimize decomposition of extracted solutes and also to avoid unnecessarily loss of solvent [37, 54] .
Pressurized Liquid Extraction (PLE)
Principle
Pressurized Liquid Extraction is done at high temperature and high pressure. These conditions maintain the solvent in liquid state. The value of temperature and pressure of solvents is less than the critical temperature and pressure [52] . This technique is also called as Accelerated solvent extraction or Pressurized hot solvent extraction or Pressurized fluid extraction.
PLE is the fast process than the conventional extraction technique. Solvents required are significantly less than in conventionally used process. At high temperature and high pressure the properties of solvents are changed. There is increase in mass transfer rates, increase in solubility of analyses and decrease in surface tension and viscosity. Such conditions result in better extraction rates.
Factors affecting PLE process
Solvents should be wisely selected on their specificity and also should be environment friendly. Safe solvents such as ethanol, ethyl lactate or d-limonene are preferred. The most ecofriendly solvent used is water.
Temperature and Pressure are the most important factors that help to maintain the solvent in liquid state. Further increase in pressure above a point, do not significantly affect the results. Typically employed pressure is between 5 to 10MPa.
After extraction temperature and pressure, extraction time is another factor that has be considered and optimized. At a particular extraction temperature and pressure, the time of close contact between the solvent and the matrix is called the effective extraction time. For example, extraction time for bioactive extraction from natural sources is 5 to 20 min [51] .This parameter should be optimized with several experiments. Beyond effective extraction time the extraction efficiency do not increase.
Several other parameters like sample particle size, mass transfer rate, etc. also should be considered [51, 52] .
Dispersants are also introduced with the sample to the extraction cell. This ensures uniform solvent distribution and greater yield of extraction.
Equipment used of PLE process
Following are the equipments used in Pressurized liquid extraction process: [51] 1) Pump 2) Extraction cell 3) Oven
4) A Collection tube or Collection vial
Solvent is feed to the system with the help of pump. This pump should withstand the selected pressure. Another function of the pump is to sweep or push away the extract after the process. In the Extraction cell the extraction process occurs. The cell works at high pressure and is equipped with on and off valves. The oven heats the extraction cell to the desired temperature. The maximum working temperature is about 200 o C. Collection vial collects the sample from the extraction cell [51] .
Heating coils can also be used for heating solvents in dynamic extraction conditions. Also Nitrogen can be equipped to vent solvent after extraction. Corrosive resistive materials are used in construction of instruments.
Fig10. PLE process
Ultrasound extraction (sonication)
Principle
This process involves the use of ultrasound with frequencies ranging from 20KHz to 2000KHz; these increases the permeability of the cell and produces cavitations.
Although these process is useful in many cases like extraction of anthocyanins and antioxidants and also it is useful in the field of nanotechnology; it is also used in extraction of ruwolfia root, but it is limited dur to its high cost.
Advantages and Disadvantage
The advantages of Ultrasound Extraction includesthe increase of extraction yield and also involve faster kinetics and reduction in the operating temperature allowing the extraction of thermolabile compounds.Material used are of small amount, efficient and minimize the expenditure of solvents, with increase in throughput of the sample [43] .Ultrasound Extraction technique is also efficient in recover and purification of active ingredients [43] .Compared with other novel extraction techniques such as microwave-assisted extraction, the ultrasound apparatus is cheaper and its operation is easier.
One of the disadvantages of these procedure is the occasional but known deterious effect of ultrasound energy (more than 20KHz) on the active constituents of medical plants through formation of free radicals and consequently undesirable changes in drug molecules.
Application
Ultrasound extraction is used in crude oil desulfurization and cell disruption. Sonication can also be used to initiate crystallization processes and even to control polymorphic crystallization. This method is also used in production of biofuels, production of nanoparticles such as Nano emulsion and liposomes as well as for waste water purification extraction of plant oil.
COMPARISONS OF EXTRACTION TECHNIQUES
For recovery of an organic compounds from sample of a solid matrices there are comparisons mentioned further for different extraction process. In Soxhlet type of extraction, the extraction time needed is 6 to 24 hrs per sample for sample mass of about 10gm. Solvents (consumption-150-300ml) Acetone and Hexane, Acetone/DCM are used in 1:1 proportion (vol/vol). For solvents such as toluene and methanol the proportion used is 10:1 per sample (vol/vol). Extraction here is done by heating process. Basically this process is a consecutive process but for multiple assemblies the can be operated continuously. The time needed for development of this method is low, also equipment and operator skills required are very low. Rather the Extraction time needed for Ultrasonic assisted Method or Sonication process is less comparatively to Soxhlet Extraction Method. 
CONCLUSION
In Industries Extraction process plays a key role in separation of desired components from its mixture using a suitable solvent. Extraction has great applications in almost all industries such as Chemical, Pharmaceuticals, Effluent treatment, Polymer, Petroleum, Petrochemicals, Food, Metal, Inorganics, Nuclear, etc, so it difficult for any process to occur without extraction process. Depending upon the properties of materials to be extracted it is essential to study the extraction methods in detail.
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